Lanthanum oxide NPs, nanorods, nanowires and nanosheets can be prepared using various chemical and physical techniques including hydrothermal [14, 15] , solvothermal [16] , microwave [16, 17] , sol-gel [17, 18] , sonochemical [19] [20] [21] , and reveres micelles [22] .Amongst these methods, the sol-gel synthesis process is a facile, inexpensiveand does not require any sophisticated, complicated and specialist equipment. Hydrothermal synthesis of lanthania nanoparticles was reported by Goharshadi et al. [23] and an average particle size below 30 nm was achieved. Sol-gel synthesis of lanthanum barium copper oxide nanoparticles was carried out by S.
Khanahmadzadeh et al. [24] , and the nanostructure of the as synthesised nanoparticles were confirmed using XRD (28 nm) and SEM (67 nm) studies. Authors also demonstrated that the nanoparticles show a significant level of photocatalytic activity. The La 2 O 3 hierarchical micro/nanostructures prepared by Liu et al. [25] showed that the morphology of This clearly indicates that lanthanum oxide has a lot of potential to be used in biomedicine, photocatalysts, and gas sensors. Thus exploration of a simple, inexpensive, environmental friendly technique to synthesize high quality La 2 O 3 nanoparticles may always remain in the focus.
In view of these, in this work we employed a simple sol-gel technique to synthesis nanometer-sized La 2 O 3 ultrafine particles using micro-sized lanthanum (III) oxide powders, 20%
nitric acid and polyethylene glycol. The structural, chemical, thermal, and photoluminescence properties of La 2 O 3 nanoparticles were correlated via X-ray powder diffraction, environmental scanning electron microscope, FTIR spectroscopy, TG and DSC analysis, and photoluminescence spectroscopic studies. The effect of concentration of polyethylene glycol on the average particle size of the La 2 O 3 nanoparticles was reported.
Experimental details

Sol-gel synthesis of La 2 O 3 NPs
Micro-sized (Max. 200 μm) lanthanum (III) oxide powder (ARGrade, Sigma Aldrich, UK), 20% nitric acid (Certified Grade, LabChem Inc., USA), and high molecular weight (20000) polyethylene glycol (Sigma Aldrich, UK) were used as raw materials, complexing agent, and surfactant, respectively. All these chemicals were used in received forms. Initially 2 g micro-sized formed. The gel was allowed to cool down to room temperature. Thereafter, the clear gel was placed in an oven at 90 °C for 72 h to form a dry gel. Using an agate mortar and pestle the dry gel was grounded to convert them to white powders. In order to remove the organic phases and to decompose the La(NO 3 ) 3 , the obtained powders were heat treated at 300 °C. Finally, the resultant powders (La 2 O 3 NPs) were calcined at a temperature of 750 °C. The flow chart given in Figure 1 , describes the entire chemical procedure of sol-gel synthesis process of producing La 2 O 3 NPs. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 The XRD machine uses graphite monochromatic Cu-K α radiation (λ = 0. NPsamples with a PEG concentration of 60 g/l. The lattice constants, a and c of for hexagonal La 2 O 3 NPs were calculated by the following equation [27] , where d hkl is the inter-planar spacing of the atomic planes and (hkl) is Miller indices. The estimated lattice parameters are tabulated in Table 1 . The lattice constant values reported in these studies are in good agreement with that testified in [28] .
Characterization of Samples
The peak broadening in XRD patternsis associated with both the instrumental and sample factors. Thus, it is necessary to make a correction of the peak broadening due to instrumental factor first. The remaining broadening is then ascribed to sample related factors which include broadening due to the crystallite size and strain. The corrected broadening of the diffraction peak (β C ) can be determined by the following relation,
where β M and β I are the measured broadening due to sample and that of the instrument, respectively.
The peak broadening can occur for very a tiny crystallite, and the width of a diffraction peak varies with the crystallite size of the samples. The crystallite size can be calculated using the Scherrer's formula [29] , where D is the diameter of the crystallite, β is the full width at half maximum (FWHM) of the selected diffraction peak, θ B is the Bragg diffraction angle, λ is the X-ray wavelength, and K is a constant of which the value depends on the shape of the crystallite. The value of K is equal to 0.9 for spherically shaped crystals. The FWHM of the XRD peaks may also contain contributions from lattice strain, ε str and the strain induced in powders owing to crystal imperfection and distortion can be calculated using the Stokes-Wilson equation [30] ,
The values of average crystallite size and lattice strain determined using Equations (3) and (4) are organized in Table 2 . From Table 2 , we see that the average crystallite size decreases while lattice strain increases with the increased PEG concentration in the sol. similar features were reported by Wang et al. [31] . As the PEG concentration is enhances, the mean particle size of La 2 O 3 NPs is notably decreased due to the enhanced steric hindrance by the adsorption of PEG on La 2 O 3 particle surfaces. This means that the PEG polymer surrounds the crystal nuclei of lanthanum nitrate, inhibits their growth, and thereby yields the steric hindrance effect resulting to shorten 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 agglomeration of the nanoparticles. When the concentration of PEG is inadequate to entirely conceal the crystal nuclei, the growth of crystal could not be impeded properly by adsorbing polymer which results larger particles. Therefore, the increased PEG concentration can successfully rise the degree of coverage on the crystal nuclei. Consequently, this will not only decrease the mean NPs size gradually, but also reduce the agglomeration of particle-particle around the sol-gel surface.
Properties of materials are strongly affected by crystallographic defects or irregularity within a crystal structure, known as dislocation. In crystalline solids, atoms or molecules exist in a repeated and periodic nature at fixed distancewhich can be found by a unit cell parameter.These regular patterns in a crystal are interrupted by dislocations. and was calculated from XRD data using the following relation [34] , where, I max is the maximum intensity of the XRD peak and β c is the value of corrected FWHM. The computed C i values are also scheduled in Table 2 .
Surface morphology of La 2 O 3 NPs
The grain size, shape and surface morphology of the synthesised Table 3 . It is also seen that the particle size of the La 2 O 3 NPs decreased with the gradual increase in PEG concentrations. This decrease in particle size with the rise in PEG concentration is attributed to the enhanced steric hindrance bythe adsorption of polymer polyethylene glycol on the surfaces of La 2 O 3 particles. This indicates that the PEG polymer surrounds the crystal nuclei of lanthanum nitrate and prevents their growth which creates 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 steric hindrance effect resulting to reduce particle-particle aggregation. However, if the PEG concentration is not enough to fully cover the crystal nuclei, the growth of crystal is not impeded effectively by adsorbing PEG. As a result, bigger particles will be acquired. On the other hand, if the PEG concentration rises, the coverage degree of PEG on the crystal nuclei is increased and consequently average particle size is delicately decreased. At the same time, the particle-particle agglomeration is gradually reduced [31] .
In order to eliminate the particle agglomerations from the SEM images, the La The particle size for various La 2 O 3 NP samples at different magnificationsis presented in Table 4 .
Again, we see that the particle size of La 2 O 3 NPs is significantly decreased with the increased PEG-contents. This is related to the enhanced steric hindrance by the adsorption of PEG on the surfaces of La 2 O 3 nanoparticles [31] .
Chemical Composition Study
The EDS spectra of La 2 O 3 NP samples with various PEG concentrationsand calcined at 750 °Care represented in Figure 9 . The weight percentage (wt.%) of the different elements present in all samples are listed in Table 5 . The results confirmed the presence of oxygen (O) as well as lanthanum (La) in agreement with previous work [34] . Some carbon was also present most likely due to the carbon adhesive tape used to secure the nanoparticle samples onto the SEM stabs.
Fourier Transform Infrared Spectroscopy analysis
The FTIR spectra collected in the wavenumber range 4000-400 cm 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 functional group [37] . Another band observed at 1067, 1067, and 1067 cm -1 (identified as D) is arisen due to C-O stretching vibration but in the same samples, however the sharp absorption band seen at 846, 845, and 845 cm -1 (identified as E) is owing to C-O bending vibration. The broad absorption band detected at 678, 676, and 678 cm -1 (identified as F) is assumed to occurdue to La-O stretching vibration, while the small band found at 509, 511, and 510 cm -1 (identified as G) is due to La-O bending vibration. The presence of these bands, therefore, confirmed the existence of La 2 O 3 phase in the synthesized nanoparticles [38] . The location of band frequencies and corresponding modes of vibrations are recorded in Table 6 .
Thermal analysis of La 2 O 3 NPs
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